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INTRODUCTORY REMARKS. 
The Decapoda have always been absorbing interest the 


cytologist and considerable has been written concerning their 
germ cells. previous publication have given 
review the important literature the subject, and re- 
ferring this article becomes apparent that practically all 
the investigations have been confined the male reproductive 
elements the Macrura and Anomura. Virtually nothing has 
been done with the Brachyura; fact there isn’t single com- 
plete spermatogenesis crab known. Carnoy observed 
and pictured few the early proliferation stages the sper- 
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matogenesis Carcinus menas, while Binford hastily 
described the spermatogenesis the Atlantic coast edible crab, 
Menippe mercenaria. None these investigators, however, 
have given details regarding the interesting processes synapsis, 
reduction, chromosome numbers and the like. 

During the past few years the writer has been gathering testicu- 
lar material numerous crabs which occur along Puget Sound, 
for the purpose studying their spermatogenesis, and the 
following pages the spermatogenesis one these forms, namely, 
Cancer magister, described. 


MATERIAL AND METHODs. 


already mentioned, the material from which these studies 
were made consisted the testis the common edible crab 
the Pacific coast, Cancer magister. This Brachyuran widely 
distributed along Puget Sound, and abundance material 
was available for study. Most this was gathered the vicinity 
the Puget Sound Biological Station, Friday Harbor, Washing- 
ton, during the summers 1915 and 1916. the latter part 
June and the early portion July, the testis Cancer magister 
the best condition for the study spermatogenesis. 
these times every stage the spermatogenesis process may 
found within the male gonads. 

The author worked almost exclusively with smears the 
testicular cells. Sectioned material was also used for comparison 
and checking results. The smears, however, were greatest 
service and virtually all the deductions and illustrations were 
made from them. The manner which the smears were pre- 
pared was follows. Small pieces the fresh testis were 
quickly mashed between two slides and immediately fixed 
Bouin’s fluid for about ten minutes. The slides were then 
washed water until all traces the yellowish picric acid were 
removed. They were next stained the iron-alum haema- 
toxylin method, with counterstain acid-fuchsin. Finally, 
they were run the usual manner through the alcohols into 
xylol and when fully cleared were mounted under cover-glasses 
with Canada balsam. Some these preparations were unsur- 
passed for details regarding synapsis, chromosome numbers, 


i 


SPERMATOGENESIS CANCER MAGISTER. 279 


spermatid transformations, and steps the opening the sper- 
matozoa. With the exception Figs. and Figs. 67-69, all 
the drawings the accompanying plates are from smear prepara- 
tions. Figs. 1-15 are from sections, while Figs. are from 
living spermatozoa viewed the crab’s body fluids. 

The material for sectioning was cut into small pieces and fixed 
with numerous fluids. The best fixatives, however, were found 
Flemming’s strong and the Meves-Duesberg modified 
Flemming. The sections were cut thickness and then 
stained either the iron-alum method with 
counterstain acid-fuchsin the safranin, gentian-violet 
method. 

The living spermatozoa were studied under the oil-immersion 
lenses various fluids, such the body fluids the crab, sea 
water, isotonic and hypotonic solutions various salts (NaCl, 
KCl, NaNO; and and distilled water. 
fixing the spermatozoa the slide with either osmic acid fumes 
Bouin’s fluid, these structures could then stained iron- 
and acid-fuchsin and all the stages their explosion 
could subsequently studied. 


DESCRIPTION TESTIS. 


The testis Cancer magister has already been described else- 
where (Fasten, bilobed organ lying the cephalo- 
thoracic region, below the cardiac chamber and above the diges- 
tive glands. Each lobe profusely tubular and runs laterally 
along the stomach. During June and July these testicular lobes 
are prominently developed and fill large part the upper 
cavity the cephalothorax. Below the anterior portion the 
heart the two lobes the testis unite, and from this junction 
point two stoutly convoluted tubes, the vasa deferentia, originate 
and run posteriorly the base the fifth pair walking legs 
where they open the outside. 

During the latter part June and the early part July the 
tubules the outer and middle regions each testicular lobe 
are usually undergoing rapid proliferation. Some them are 
filled with spermatogonia, while others contain growth stages 


and still others show primary and secondary spermatocyte 


4 
q 
J 


280 NATHAN FASTEN. 


divisions. Also, many the tubules show spermatids trans- 
forming into spermatozoa, although the mature spermatozoa are 
mainly confined the tubules located near the inner median 
portion the testicular lobe well the spermatophores 
the vasa deferentia. 

When sections the tubules are examined, many them are 
observed constructed the same plan those Menippe 
mercenaria which were described and pictured Binford 
Two three well-defined zones may oftentimes distinguished 
one tubule. For instance, one pole the sectioned tubule 
there might thin layer spermatogonia and the rest the 
tubule might contain either transforming spermatids, mature 
spermatozoa, primary spermatocyte divisions, those the 
secondary spermatocyte stage, even growth stages. When 
there are three zones the tubule these are often made (1) 
thin region spermatogonia one end, (2) middle portion 
filled with transforming spermatids, and (3) region mature 
spermatozoa filling the opposite pole. 

The mature spermatozoa, when they enter the vasa deferentia, 
are surrounded pouches known spermatophores (Fig. 67). 
These spermatophores are formed the secretions the inner 
layer epithelium which lines the vas deferent tube. For more 
detailed description these structures see Fasten, During 
copulation the spermatophores are discharged from the vasa 
deferentia the male and are deposited within the seminal 
receptacle the female, where they remain dormant until the 
ova are mature for fertilization. 


SPERMATOGENESIS. 


Spermatogonial Stages. 


The spermatogonial cells generally line one end the tubule. 
They are fairly large cells, with distinct cytoplasmic outlines and 


prominent nuclei. Cancer magister, primary and secondary 
spermatogonial stages can distinguished (Figs. 1-8). the 
two, the primary spermatogonium (Fig. somewhat larger 
size, and from division (Figs. derived the secondary 
spermatogonium (Fig. 8). 

The resting primary spermatogonium (Fig. contains numer- 
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ous large chromatin clumps within the nucleus. some in- 
stances number linin strands could also distinguished. 
The cytoplasm more less uniform throughout, but few 
cases large heavily staining masses, surrounded clear outlines 
(Fig. 2), could observed within it. centrosome almost 
always discernible. 

When the cell begins divide the large chromatin clumps 
the nucleus undergo fragmentation (Fig. 2). This process con- 
tinues until the chromatin becomes organized into great number 
heavily staining ‘elliptical oval structures distributed 
throughout the nucleus. The spermatogonium this stage 
presents the picture shown Fig. these chromatin 
clumps were attempted, but they were found vary consider- 
ably, ranging everywhere from forty sixty-five. 
has made similar observations Menippe mercenaria and 
the American crayfish Cambarus virilis, have found 
the same sequence events. Binford regards these chromatin 
clumps the chromosomes which enter the equatorial plate 
the spermatogonial metaphase. While these through further 
fragmentation, undoubtedly form the ultimate number chro- 
mosomes found during the metaphase stage the spermato- 
gonial division, yet inclined the view that many these 
chromatin clumps represent more than single chromosomes. 
This conclusion was arrived after examination numerous 
polar views the chromosomes metaphase plates primary 
spermatogonia, which over one hundred chromosomes could 
counted. Furthermore, these chromosomes were smaller than 
the chromatin clumps shown Fig. 

The nuclear wall surrounding the chromatin clumps soon 
breaks down and the cell enters the metaphase stage (Fig. 4). 
The chromosomes the equatorial plate are dumb-bell shaped 
and the spindle fibers are rather delicate appearance. The 
centrosomes can easily distinguished opposite poles. 


polar views sections the equatorial plate, the chromosomes 
are observed distributed throughout the whole plane the 
equator. They are small and spherical appearance, and are 
numerous that their exact number could not determined. 
already mentioned above, many instances over one hundred 
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them could counted. But the assumption that there 
are twice the number spermatogonial chromosomes are 
found the reduction division, there must one hundred and 
twenty chromosomes the spermatogonial stages Cancer 
magister. 

The anaphase (Fig. 5), and telephase (Figs. and stages 
follow each other quickly, thus dividing the cell into secondary 
spermatogonia (Fig. 8). These are somewhat smaller than the 
primary spermatogonia (compare Figs. and and the resting 
condition (Fig. 8), the chromatin their nuclei stains much more 
heavily. Otherwise, the secondary spermatogonia resemble the 
primary ones markedly and their division proceeds exactly 
the same fashion. The ultimate divisions the secondary 
spermatogonia produce the resting primary spermatocytes 
(Fig. 16). 

many spermatogonial strips the tubules, some the cells 
were found undergoing degeneration. such cases, the 
cells lose their distinctness outline and their nuclei come lie 
syncitial mass protoplasm. many instances, the nuclei 
resemble those the spermatogonia (compare Fig. with Fig. 
1); others (Figs. 10-12), the nuclei become transformed into 
very large irregular structures with pseudopodia-like projections. 
These cells are the so-called and they may 
best studied tubules where mature spermatozoa are found. 
Cambarus virilis, have noticed similar cells. 

The nutritive cells (Figs. are very interesting structures. 
Their nuclei contain heavily staining chromatin masses, while 
the cytoplasm possesses numerous fat globules which stain 
black with osmic acid. Many the earlier investi- 
gators the Decapoda such Grobben Gilson 
and Herrmann have claimed that the spermatogonia are 
derived from the nutritive cells. the other hand, St. George 
and Keppen claim the opposite, that the nutritive 
cells are derived from transformation the spermatogonia. 
This last-mentioned condition seems the case Cancer 
magister. 

When sections the nutritive cells are examined, numerous 
stages like those seen Figs. 13-15 may observed, which 
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strongly suggest amitosis. The fact that the earlier workers 
the Decapoda all claim such division the nutritive cells. 
However, careful study the nuclei shows many them 
appearance (Figs. 10-12), and this being the case, 
entirely possible derive the stages represented Figs. 
13-15 from sections through such cells are shown Figs. 
is, therefore, very difficult well dangerous come any 
certain conclusions concerning amitosis from sectioned material. 


Primary Spermatocyte Stage. 


This stage follows the spermatogonial divisions. After 
period growth and synapsis, reduction occurs. During the 
growth period two definite spherical bodies, surrounded clear 
spaces, make their appearance the cytoplasm. These are 


the so-called chromatoid bodies, and they appear similar 


the same structures which have previously described 
Cambarus virilis. 

(a) Growth Period.—This period includes the preparatory 
stages, synapsis and tetrad formation. During the early pro- 
phases the chromatin.in the nucleus the resting primary sper- 
matocyte (Fig. 16), consists first few large, heavily staining 
clumps, but these soon undergo fragmentation process, whereby 
smaller chromatin masses (Fig. 17) are produced. few cells, 
linin threads which were rather indistinct and granular appear- 
ance were observed. Sometimes large chromatoidal masses like 
those shown Fig. were seen within the cytoplasm. 

The chromatin the nucleus breaks into still smaller 
structures and these then begin weave out into thin leptotene 
threads (Fig. 18). the same time the cell increases somewhat 
size (compare Figs. and with Fig. 18). This stage, 
represented Fig. 18, really marks the beginning the growth 
period and from now the increase the size the cells more 
evident. When Fig. examined can seen that con- 
tinuous spireme formed. The leptotene threads remain separ- 
ate and may distinguished from each other. Owing the 
great number these threads was impossible count them. 

The primary spermatocytes now undergo synizesis. The 
leptotene threads migrate one pole the nucleus (Fig. 19), 
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the so-called pole” and arrange themselves parallel 
pairs. This paired arrangement very distinct and has been 
observed great many cells. While this going on, two 
large round bodies, more less equal size, and surrounded 
clear spaces (Fig. 19, make their appearance the cyto- 
plasm. These bodies were first observed smear preparation 
which was heavily stained. They stained exactly like the chro- 
matin. preparations which were strongly destained trace 
them was found. However, when these latter preparations 
were restained, the bodies loomed with exceptional clearness. 
thus seen that although these structures stain like chromatin, 
yet they differ from chromatin their affinity for nuclear dyes, 
and, all probability, they are chemically different from chro- 
Wilson first described similar body Pentatoma, 
and called “chromatoid Cambarus virilis, 
have found pair chromatoid bodies appearing about 
the same stage the developing spermatocyte Cancer 
magister. After the leptotene stage, the chromatoid bodies 
Cancer magister persist within the cells, and their subsequent 
history will outlined when the respective stages the matura- 
tion are dealt with. 

Synapsis soon sets in. The parallel threads become more 
closely paired the synaptic pole and the cell enters the pachy- 
tene stage, which the pairs leptotene threads fuse into thick 
gemini (Fig. the union appears complete traces 
could found the longitudinal furrows which separated the 
original pairs parallel threads. 

After remaining fused for some time, the components each 
geminus begin unravel. Along every geminus longitudinal 
split makes its appearance (Fig. 21), and simultaneously with 
this there opening the paired threads one end, while 
remaining attached the other end, thereby producing figures 
which appear like less commonly like (Figs. and 22). 

Another longitudinal split soon occurs along the arms each 
geminus. Fig. the beginnings this second longitudinal 
furrow are clearly visible the two arms the which located 
about the center the nucleus. means these two longi- 
tudinal cleavage. planes, four chromatin threads are formed, 
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distinctly opened one end and temporarily fused the 
opposite end. The two pairs these threads continue diverge 
opposite directions until they ultimately form X’s (Fig. 23). 

The pairs threads opposite sides the central fusion 
point each now migrate closer each other until they come 
lie almost parallel. The central fusion point next disappears, 
and four thin threads arranged two parallel rows are produced. 
hasty glance this arrangement makes appear the 
geminus from which the four threads were derived, was traversed 
longitudnal and transverse cleavage plane (see Fig. 23). 
However, prolonged and careful study reveals the true nature 
the case, that the threads under discussion are the results two 
longitudnal splits each geminus. 

The tetrads are soon formed. Each thin thread shortens and 
thickens into spherical chromatin mass (Figs. and 24), 
that very soon every geminus changed into four spherical 
chromosomes, representing tetrad (Figs. 23-25). Each tetrad 
thus contains four univalent chromosomes. the next step 
pairs these univalent chromosomes fuse, resulting two large 
bivalents attached each other linin strands. This con- 
dition particularly well shown Figs. and 25. The con- 
densation the bivalents continues until they are changed into 
dumb-bell shaped structures (Fig. 25). The growth process is. 
now completed and the cell ready undergo reduction. 

quite evident from the above discussion that Cancer 
magister apparently have deal with case parasynapsis, 
side side conjugation the chromosomes. This con- 
clusion was reached after prolonged observations upon numerous 
excellent smear preparations, which contained abundance 
synapsis material. The essential steps closely resemble those 
Cambarus virilis (Fasten, 

(b) Reduction Division.—In the last stages the growth 
period, the nuclear wall begins break down (Fig. 24). The 
two centrosomes, which have been formed division the 
original centrosome, migrate opposite poles, and thin spindle 
fibers make their appearance between them and the chromosomes. 
The chromosomes are soon pulled the equator the cell 
undergo reduction. Fig. 25, the dumb-bell shaped bivalents 
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are seen arranging themselves. Here the chromatoid bodies can 
also clearly discerned opposite poles. Each these bodies 
surrounded its characteristic clear space and may easily 
recognized from the ordinary chromosomes. 

the metaphase period (Fig. 26), all the chromosomes are 
grouped the equatorial plane and appear large dumb-bells. 
When the component bivalents each dumb-bell are examined, 
they are found large spherical bodies, about twice the size 
the spermatogonial chromosomes. Furthermore, these biva- 
lents not show the equational furrows where the equational 
division the second spermatocyte will take place. Binford 
describing this stage Menippe mercenaria claims that 
the chromosomes the equatorial plate one his prepara- 
tions were found ring-like appearance. other prepara- 
tions which were destained the degree removing all the stain 
from the cytoplasm and the achromatic figure the metaphase, 
this same investigator asserts that could distinguish the indi- 
vidual four chromosomes each tetrad. Cancer magister 
such results were obtained spite the fact that great 
many smears and sections were carefully examined. 

polar views the metaphase stage sixty chromosomes have 
been distinguished (Figs. and 28). These are generally oval 
shape; some them being larger than others and they are 
distributed throughout the equatorial plane. Figures and 
are drawings polar views seen smear preparations. 
Similar counts polar views sectioned material have corro- 
borated this number for the reduction division. 

The chromatoid bodies always migrate undivided opposite 
poles the cell. many cases they occupy positions along 
the spindle fibers (Figs. 26, and 30), while other cases they 
may seen the cytoplasm (Figs. and 32). When they 
occupy positions along the spindle fibers, one would easily 
misled into regarding them accessory chromosomes, especially 
attention were paid the various stages the growth 
period. Wilson has cited numerous cases which in- 
vestigators have undoubtedly confused chromatoid-like bodies 
with accessory chromosomes. After citing these instances, 
Wilson, 403, then makes the following significant remarks: 


SPERMATOGENESIS CANCER MAGISTER. 287 


facts make clear that the presence sex-chromosomes 
can not safely inferred alone from the presence chromosome- 
like bodies lagging the spermatocyte-spindles, lying near 
one pole. The presence compact, deeply staining nucleoli 
during the growth-period itself equally indecisive. some 
cases the ‘plasmosome,’ especially after certain fixatives such 
Bouin’s fluid, may stain quite intensely the chromosome- 
nucleoli with haematoxylin, safranin and other dyes (cf. Gutherz, 
Decisive evidence regarding these bodies can only 
obtained tracing their individual history and accurate 
correlation the chromosome-numbers the spermatogonia! 
and spermatocyte-divisions. hardly need added that great 
caution necessary dealing with difficult material which 
for any reason such test cannot completely carried out.” 

The anaphase stage (Fig. 29) follows upon the metaphase. 
The bivalents the dumb-bells are separated and pulled 
opposite poles. The chromatoid bodies also migrate these 
directions. The division process continues and gradually the 
primary spermatocyte enters the telophase stage (Figs. and 
31). the final telophase (Fig. 32), the chromosomes which 
have completely migrated opposite poles become surrounded 
thin nuclear walls. The cytoplasm has constricted off into 
two distinct portions and during this process the spindle fibers 
have also been constricted that their center thickened 
formed. When this stage completed two 
secondary spermatocytes are produced, each possessing one 
the chromatoid bodies within the cytoplasm (Fig. 32). 


Secondary Spermatocyte Stage. 


The secondary spermatocytes formed during the ultimate 
telophase stage the reduction division, undergo immediate 
transformations. rest period could determined. This 
similar what occurs Astacus fluviatilis (Prowazek, 
Menippe mercenaria (Binford, and Cambarus virilis 
(Fasten, The cells assume the metaphase stage (Fig. 33), 
and the chromosomes line the equator the spindles the 
form dumb-bells. When polar views these chromosomes 
are studied preparations which have been greatly destained, 
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sixty them may counted (Figs. and 35). These chro- 
mosomes are about half the size those found the reduction 
division (compare Figs. and with Figs. and 28). 
for the chromatoid body, generally lies near one pole 
the cell, leaving the other pole without any such element. 

The anaphase (Fig. 37) and telophase (Figs. and 39) stages 
follow each other logical sequence, resulting the division 
the secondary spermatocytes form spermatids. Two types 
spermatids (Fig. 40), are thus formed equal numbers; one 
type which contains single chromatoid body the cytoplasm 
(Figs. and 41), whereas, the second type without this body 
(Figs. and 43). 


Transformations the Spermatids into Spermatozoa. 


The spermatids produced are, first, small and their nuclei 
contain large masses chromatin material which stain intensely 
with nuclear dyes (Fig. 40). The cytoplasm homogeneous 
throughout and within rather prominent centrosome found. 
the second type spermatid developed, the cytoplasm, 
addition containing the centrosome, also possesses the chro- 
matoid body (Figs. and 41). 

The first noticeable changes undergone the spermatids 
transforming into spermatozoa, occur the nucleus. The 
chromatin mass the nucleus gradually reduced such 
degree that loses its intense staining qualities, and becomés 
quite homogeneous consistency (Figs. 40-47). first the 
large chromatin clumps break into granular masses (Figs. 
40, and 44). Then these fragment still more completely until 
the final stages there remain, respectively, three round chro- 
matin bodies (Fig. then two (Figs. and 46), and ultimately 
one (Fig. remaining chromatin structure spherical, 
stains intensely black with Heidenhain’s haematoxylin and occu- 
pies the center the nucleus. may said nucleolus- 
like body which resembles karyosome. 

Both classes spermatids produced undergo similar changes 
the nucleus. the second type spermatid, however, 
interesting change goes the cytoplasm, simultaneously with 
the transformations the nucleus. Here the chromatoid body 
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from its position within the cytoplasm the periphery 
the cell and soon expelled the outside (Figs. thus 
playing further réle the transformations. From now all 
the spermatids are exactly alike and they undergo the same 
modifications. 

about this time densely staining mass makes its appear- 
ance the cytoplasm (Figs. and 47, m). This mass has been 
called mitochondrial mass Koltzoff (’06) and Binford 
stains like the chromatin the nucleus, and first makes its 
appearance about the stage the spermatid transformations 
where the chromatin the nucleus becomes reduced two 
clumps (Fig. whether this mass consists mitochon- 
dria not debated question. The fact the matter that 
cytologists themselves are not clear which bodies within 
the cell are mitochondria and which are not (see Cowdry, 
the cells under consideration, traces mitochondria have 
been observed the earlier stages the maturation. This 
darkly-staining mass makes its appearance only after most the 
chromatin within the spermatid nucleus has been much reduced. 
This would lead one suspect that the mass might consist 
chromatin which has diffused out the nucleus and has accumu- 
lated within the cytoplasm (see Figs. 43-47). any rate, this 
seems likely probability. 

spermatids now reveal the following distinct structures, 
(1) rather homogeneous nucleus (Fig. 47, with karyosome- 
like body the center, (2) cytoplasm which are found (3) 
centrosome (Fig. 47, c), and (4) mitochondria-like mass 
(Fig. 47, m), which stains like chromatin. These elements must 
clearly kept mind order follow the later changes 
the spermatids. linking these changes also necessary 
exercise great care. Sectioned material, while helpful, 
itself wholly inadequate for this purpose. Smear preparations 
the entire cells, the other hand, give true picture what 
happens, and these were used almost entirely the study 
transformations. 

The nucleus wanders one pole the spermatid (Figs. 
while the opposite pole clear vacuole (Fig. 50, 
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makes its appearance. Sometimes two clear openings (Figs. 
48-49, may seen, but these later flow together into single 
one (Fig. 50, v). the same time the mitochondrial mass 
wanders between the nucleus and the vacuole (Figs. 
m), and ultimately fills this entire space (Fig. 53). The centro- 
some increases somewhat size and takes position the center 
the mitochondrial mass (Figs. 

The mitochondrial mass now transforms into ring resembling 
doughnut, and the centrosome comes occupy the center 
its inner open space (Figs. and The upper portion 
the nucleus also becomes located this space (Figs. 
the same time, the karyosome-like body, situated within the 
center the nucleus (Figs. migrates upward the middle 
the upper portion the nucleus (Fig. 54) until comes lie 
directly below the centrosome. 

Binford describing the transformation the spermatids 
Menippe mercenaria claims, 156, that the mito- 
chondrial ring completed the nucleus becomes widely separated 
from and the capsule (Figs. This, however, not 
always the case. two preparations from which Figs. 
and were drawn, the nucleus remained fitted closely 
the capsule shown Fig. 43. the two different conditions 
were obtained with the same fixing fluid hardly probable 
that the difference was caused the sections 
testicular material magister, few the transforming 
spermatids showed the conditions which Binford describes, but 
smear preparations not single such instance was discernible. 
therefore suspect that Binford had deal with defects which 
are often produced cytological material which prepared 
the fixation and the sectioning methods. 

Simultaneously with the last-mentioned changes, second 
vacuole (Fig. 54, makes its appearance the anterior ex- 
tremity the original first (Fig. 54, v), primary vacuole. 
first this second vacuole looks like small bubble liquid 
which stains rather darkly with Heidenhain’s haematoxylin. 
soon increases size, becomes more distinct (Figs. v’), 
and stains somewhat lighter. quite evident that Binford’s 
so-called formed during the spermatid 
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transformations mercenaria, the same structure 
which have called the second vacuole Cancer 
preparations, however, show such stages which Binford de- 
scribes and pictures (Figs. Binford, for the develop- 
ment this structure. 

During this time the centrosome and the karyosome-like body 
the nucleus unite (Figs. and elongate into rod-like 
structure (Figs. and 58), the so-called central body (Figs. 
and 57, 6). first the central body looks like dumb-bell 
(Figs. and 57, but lengthens out, loses this appear- 
ance, becomes more rod-like (Figs. and the same time 
penetrates the inner proximal portion the second vacuole. 
While all these changes are going the primary and secondary 
vacuoles are gradually transforming into primary and secondary 
vesicles (see Figs. and v’), and from now they will 
designated the latter names. 

about the stage represented Fig. 59, opening makes 
its appearance the middle the outer, distal end the 
second vesicle. Simultaneously with this, the central body 
elongates still more (Fig. 59) and its outer extremity seems 
hollow out into thin tube (Figs. which soon connects 
with the distal opening the secondary vesicle. the outer 
end the central body hollows out, ring densely staining 
material makes its appearance around the outer opening the 
second vesicle (Figs. 61-63, d). Heidenhain’s haematoxylin 
this ring stains intensely black like the centrosome the chro- 
matin. This ring may spoken chromatin-ring and 
becomes more distinct the distal end the central body 
hollows out (Figs. 61-64, d). Going hand hand with these 
modifications are those which take place the mitochondria- 
like ring and the nucleus. These two elements fuse into single 
structure, sort nuclear-mitochondrial cup (Fig. 62, which 
stains quite homogeneously, although some part the mitochon- 
drial mass seems persist around the wall the first vesicle and 
stains more intensely than the rest the cup. (see Fig. 62, h). 

the transformations continue, the second vesicle fits more 
compactly into the first vesicle (Figs. and 64). The outer 
portion the central body has completely changed into thin- 
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walled hollow tube, which stains lightly. The inner portion 
the central body solid, stains intensely with nuclear dyes and 
embedded the center the nuclear-mitochondrial cup, im- 
mediately below the wall the first vesicle. Figs. 63-65 show 
these structures nicely. Now the radial arms rays the 
(Figs. and 64, make their appearance. They 
originate outgrowths from the nuclear-mitochondrial cup, and 
the finished state they are stout structures with pointed ex- 
tremities (Figs. and 64, 

Soon the spermatids are completely transformed into mature 
spermatozoa, and this state (Figs. and 66) they look like 
ovoid, spheroid structures, which the radial rays are tightly 
coiled around the nuclear-mitochondrial cup. Figs. and 
are drawings mature spermatozoa viewed, respectively, 
from the side and bottom. examination these figures shows 
the central body located the middle, and surrounding 
order sequence are the second vesicle (v’), the first vesicle (v) 
and the nuclear-mitochondrial cup Fig. 65, the structure 
the central body consisting hollow distal end and 
solid proximal end, can distinctly observed. this figure 
may also seen the densely staining chromatin-ring (d), located 
the upper end the secondary vesicle. 

When the mature spermatozoa are studied smear prepara- 
tions which have been fixed with Bouin’s fluid and stained the 
iron-haematoxylin and acid-fuschin methods, then the second 
vesicle stains dark amber color, while the primary vesicle takes 
almost remains clear. fixed with Flemm- 
ing’s fluid and stained similarly, the second vesicle remains more 
less transparent, while the first vesicle stains dark brown. 

The mature spermatozoa are first free, but when they make 
their way into the vasa deferentia they are surrounded the 
membranous pouches spermatophores already mentioned 
under the discussion the testis. Fig. shows one these 
spermatophores when first removed from the vas deferens 
the living crab. Notice the numerous spermatozoa which are 
compactly stored within its interior. 
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OPENING THE MATURE SPERMATOZOA. 


The mature spermatozoa within the spermatophores are dor- 
mant structures, but when they are removed from the sper- 
matophores and placed fluids whose concentration less than 
sea water, they undergo interesting changes. many ways 
these are similar the changes which Binford describes for 
the spermatozoa Menippe mercenaria. 

The method employed studying the opening the mature 
spermatozoa Cancer magister was similar that employed 
Binford Numerous spermatophores suspended either 
crab’s body fluids, sea water, were placed slide and covered 
with cover-glass. applying pressure the cover-glass 
many the spermatophores were ruptured, thus liberating the 
spermatozoa. These could then examined under the high 
powers the microscope. allowing solu- 
mentioned under the section ‘Materials and 
Methods,’ diffuse under the cover-glass, all the changes 
the opening process the so-called explosion the sperma- 
tozoa could followed out quite Many these 
spermatozoa various stages their explosion were fixed and 
stained the slides and were then used for later study and com- 
parison. 

the crab’s fluids, sea water, solutions NaCl, 
NaNO; and KNO; which are isotonic with sea water, 
almost change occurs. Usually the rays the nuclear-mito- 
chondrial cup unravel, revealing spermatozoa which contain 
either three (Fig. 68) four (Fig. 69) rays. hypotonic 
solutions the last-mentioned salts, the spermatozoa undergo 
explosion, and change considerably appearance. Osmotic 
pressure, undoubtedly, accounts for this explosion was sug- 
gested Koltzoff 

The first step the explosion the spermatozoa the extru- 
sion the second vesicle. This vesicle normally surrounds the 
central body and embedded the first vesicle (Figs. and 
71). When the second vesicle begins extrude, swells some- 
what (Figs. 72-76, v’) size and the same time stretches 
the upper portion the first vesicle and makes appear like 
thickened ring (Figs. 72-76, s). Simultaneously with this, the 
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hollow distal end the central body which also extruded, exerts 
pull its solid proximal portion, transforming into spine- 
like structure (Figs. which stains intensely black with 
Heidenhain’s hematoxylin. While these changes are going on, 
the nuclear-mitochondrial cup loses its rays and rounds out into 
spherical body. 

When the second vesicle has been completely extruded (Fig. 
75, then the first vesicle (Fig. 75, commences evert and 
continues this process until completely turned inside out. 
These steps may observed Figs. During the 
eversion, the darkly staining proximal end the central body 
forces upward its tubular distal portion until the latter 
finally extruded completely the outside (see Figs. 75-77, 

The completely exploded spermatozoa present the appearances 
represented Figs. and 79. The upper portion consists 
the second vesicle (v’), the interior which contained the 
everted first vesicle (v), with its upwardly projecting spine-like 
body The lower portion consists the nucleo-mitochon- 
drial cup which has transformed into more less spherical 
structure. many cases, stages like those shown Fig. 
were seen. These evidently are exploded spermatozoa which 
the second vesicle has completely ruptured and disintegrated. 
Binford has observed similar conditions Menippe mer- 
cenaria. 

DISCUSSION. 


Synapsis. 

During the last few years the parasynaptic view chromo- 
somal conjugation has been established numerous species 
animals. 1900, Von Winniwarter first advocated parasynap- 
sis amongst the mammals, but the view did not become firmly 
established until the Schreiners and pub- 
lished their important researches the germ cells many ani- 
mals including mammals, birds, reptiles, amphibians, fish, 
molluscs and annelids. late the parsaynapsis view Von 
Winniwarter and the Schreiners has been extended great 
many additional forms, and excellent reviews the vast litera- 
ture this subject may found the recent publications 
Montgomery Wilson Fasten and Wenrich 
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Among the Crustacea, parasynapsis has been established 
some the Copepoda (Lerat, Matschek, McClendon, 
and Kornhouser, and also one the Decapoda 
(Fasten, the decapod crustacean Cambarus virilis, 
showed that during the growth period, the chromosomes 
conjugate parasynaptic fashion, and already pointed out 
elsewhere this paper, this the type conjugation which 
occurs Cancer magister. both Cancer magister and Cam- 
baras virilis, the great difficulty encountered the study 
synapsis was the immense number chromosomes. However, 
after prolonged and careful study the various stages the 
growth period these animals, one finds rather difficult 
interpret the conjugation the chromosomes any other way 
than parasynapsis. 


The Chromatoid Bodies. 


Ever since Wilson called attention chromatoid body 
the spermatogenesis Pentatoma, similar structures have 
been described during the spermatogenesis stages other forms. 
Cambarus virilis (Fasten, two such bodies were found 
which could traced into the spermatid stages and then all 
traces them were lost. Cancer magister, pair chroma- 
toid bodies make their appearance during the synizesis stage 
the growth period, and during the reduction division these pass 
opposite poles, that the secondary spermatocytes each 
possess chromatoid body. During the equation division, this 
body passes undivided one pole, resulting two types 
spermatids, one type possessing chromatoid body, while the 
other type minus such structure. also interest that 
the chromatoid body eventually expelled from the first type 
spermatid thus playing further part spermatogenesis. 

Concerning the nature and function the chromatoid body, 
very little can said. only two forms, namely Pentatoma, 
(Wilson, and the decapod under consideration Cancer 
magister, has the full history this structure been traced, and’ 
both cases, expelled from the spermatids, thus appearing 
play definite rdle the mature spermatozoa. Wilson 
discussing the chromatoid body, makes the following 
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trite remarks page 402: nature the chromatoid body 
thus remains problematical, but the facts are worthy serious 
attention for another reason. Were the chromosomes very small, 
numerous, closely crowded, otherwise unfavorable for exact 
study, and could not the entire history the chromatoid body 
clearly traced, even experienced observer might fall into 
the most confusing error concerning the relations the chro- 
SUMMARY. 

1.. During the latter part June and the early part July 
the testicular lobes Cancer magister are the best shape for 
the study spermatogenesis. 

Two spermatogonial divisions can recognized, and these 
ultimately form the resting primary spermatocytes. 

Sometimes, larger and more intensely staining cells are 
found interspersed among the spermatogonia. These are the 
nutritive cells, and seems very probable that they have origi- 
nated from transformation some the spermatogonia. 


nuclei the nutritive cells are irregular shape and many 


them possess processes. sections some the 
nutritive cells two more nuclei are oftentimes found, and this 
might easily mislead one into concluding that amitosis occurs 
amongst them. 

The resting primary spermatocyte undergoes growth 
period, during which thin leptotene threads are produced through 
the fragmentation the chromatin. continuous spireme 
formed the leptotene threads appear distinct and separate. 

During the growth period pairs leptotene threads migrate 
the synaptic pole the cell, become arranged parallel 
fashion and soon fuse parasynaptically. 

During the synizesis stage the growth period pair 
densely staining chromatoid bodies make their appearance the 
cytoplasm. These are surrounded clear areas and may have 
originated from some the chromatoid masses found within the 
cytoplasm some the earlier stages the spermatogenesis. 

The first spermatocyte division reductional. the 
metaphase stage the chromosomes line dumb-bells, which 
are composed pairs bivalents. The chromatoid bodies pass 
undivided opposite poles the cell. 
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polar view the metaphase stage the reduction divi- 
sion reveals sixty chromosomes distributed throughout the entire 
plane the equator. 

The division the primary spermatocytes results secon- 
dary spermatocytes, each which contains chromatoid body. 

10. The second spermatocyte division equational and im- 
mediately follows the reduction division. polar view the 
metaphase stage the equational division reveals sixty chromo- 
somes which are about half the size those found during the 
reduction division. 

11. The chromatoid body passes undivided one pole during 
the division the secondary spermatocyte, resulting the for- 
mation two classes spermatids, one which contains the 
chromatoid body, while the other without such structure. 

12. The chromatoid body soon expelled from the spermatids 
which contain it, thus making all the spermatids alike struc- 
ture and appearance. 

13. The nucleus the spermatid loses its large quantity 
intensely staining chromatin, while the same time mito- 
chondria-like mass makes its appearance the cytoplasm. Also 
one two vacuoles are formed the cytoplasm. 

14. the transformations the nucleus becomes elliptical 
and wanders one pole the cell. The vacuoles fuse into 
single large vacuole which then takes position the opposite 
pole the cell. The mitochondria-like mass wanders between 
these two structures, becomes ring-like, and within its center 
and above the karyosome-like body the nucleus, the centro- 
some becomes stationed. Soon second vacuole makes its ap- 
pearance the distal end the first one. 

15. The two vacuoles gradually transform into the first and 
second vesicles. The centrosome and karyosome-like body 
the nucleus become fused into the central body, which runs 
through the middle the second vesicle, while the nucleus and 
mitochondria-like ring unite into nucleus-mitochondrial cup 
from which the rays the are produced. 

16. The mature spermatozoa are oval bodies tightly packed 
within membranous spermatophores. 

17. When the mature spermatozoa are surrounded with salt 
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solutions possessing lower osmotic pressure than either the 
crab’s body fluids sea water, they undergo interesting 
explosion which the vesicles and the central body are com- 
pletely everted, while the same time the nuclear-mitochondrial 
cup rounds out into spherical structure. 
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DESCRIPTION PLATES. 


All the illustrations the accompanying plates were made with the aid the 
camera lucida. Figs. 1-66 and 70-80 were drawn under Zeiss apochromatic objec- 
tive mm. Hom. Im., Comps. ocular 12,! magnification 2,720 times. 
Figs. 67-69 were drawn under achromatic lenses at an approximate magnification 
1,400 times. 


ABBREVIATIONS. 
central body. 


centrosome. 

d = chromatin ring. 

nuclear-mitochondrial cup. 
chromatoid bodies. 


ll 


mitochondria-like mass. 
nucleus. 


ll 


first primary vacuole (first primary vesicle). 


secondary vacucle (second secondary vesicle). 


EXPLANATION PLATE 

Fic. primary spermatogonial stage. 
Fic. Spermatogonial prophase, showing fragmentation chromatin. 
Within the cytoplasm two large, heavily staining masses, probably chromatoid 
masses can distinguished. 

Fic. Late spermatogonial prophase. Note the compact chromatin clumps 
within the nucleus. 

Fic. primary spermatogonium. 

Fic. Anaphase, primary spermatogonium. 

Fics. and Telophase. primary spermatogonium. 

Fic. Resting secondary spermatogonial stage. 

FiGs. 9 to 12. Nutritive cells. Observe the irregular nuclei and the fatty 
globules within the cytoplasm. 

13. Nutritive cell, which the nucleus shows constriction the middle 
which appears suggestive amitosis. 


wish express indebtedness and gratitude the Department 
the University Wisconsin for the loan set Zeiss apochromatic lenses 
mm. oil immersion objective and compensating oculars and 12), which were 
great service the problem under consideration. 
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EXPLANATION PLATE 


Fics. and 15. Nutritive cells, with two nuclei, suggestive amitosis. 
Fics. and 17. Early prophases, primary spermatocyte stage. Fig. 
two darkly staining chromatoid masses can seen within the cytoplasm. 

Fic. 18. Leptotene stage. 

Synizesis and synapsis stage. this stage the leptotene threads 
have paired parallel arrangement the synaptic pole the cell. The chromatoid 
bodies and the centrosome (c), are also visible the cytoplasm. 

Fic. 20. Pachytene stage. The paired leptotene threads have united into 
thick gemini. 

Fics. and 22. Diplotene stage. 

23. Postdiplotene stage. 

Fic. 24. Tetrad formation. this stage the nuclear wall begins break 
down. 


Fic. 25. Tetrads transformed into dumb-bells. The cell entering the 
metaphase and the chromatoid bodies, surrounded clear spaces are seen 
opposite 
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EXPLANATION PLATE 
Fic. 26. Metaphase, primary spermatocyte showing chromatoid bodies along 
the spindle fibers opposite poles. 


Fics. and 28. Polar views, primary spermatocytes, showing chromo- 
somes. 


and telophase stages primary spermatocytes show- 


ing the chromatoid bodies opposite poles. Fig. the chromatoid bodies 


are observed remain the cytoplasm. 
33. Metaphase, secondary spermatocyte, showing single chromatoid 
body one pole. 


and 35. Polar views, secondary spermatocytes, showing chromo- 
somes. 


Fics. and stages, secondary spermatocytes, showing different 


positions which the chromatoid body may occupy the dividing cell. 
Fics. and 


Telophase stages, secondary spermatocytes. The single 
chromatoid body one pole. 


Fic. 40. The two types spermatids formed, one without the chromatoid 


body, and the other containing it. The centrosomes are the minute dark granules 


found the cytoplasm both these types spermatids. 
Fic. Early stages the transforming spermatid which contains the chro- 
matoid body. 
Fic. 42. Stage which the chromatoid body expelled from the spermatid 
that contained it. 


transformation stages spermatids which are minus the 
chromatid body. 


Note the reduction the chromatin and the appearance the 
mitochrondria-like mass (m) the cytoplasm. Fig. the single karyosome- 
like body occupying the center the nucleus may seen. 
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EXPLANATION PLATE 


Fics. 53. Successive stages the transformation the spermatid, 
resulting the primary vacuole (v) being formed one pole, while the nucleus 
occupies the opposite pole, and between them the mitochrondria-like mass 
(m) and the centrosome (c) take their position. 

Fic. 54. The secondary vacuole makes its appearance the distal end 
the first vacuole (v). 

Fics. 58. Stages the transformation the spermatid which the 
primary and secondary vacuoles transform into distinct vesicles, and the central 
body assumes dumb-bell appearance. 

Fics. Spermatid transformations showing the hollowing out the 
distal end the central body; the formation the chromatin-ring (d), and the 
fusion nucleus and mitochondria-like mass into nuclear-mitochondrial cup (h). 

and 64. Formation the rays (r) the 

Fics. and 66. Side and bottom view mature spermatozoa, showing details 
structure. 

filled with mature spermatozoa. 

Fics. and four-rayed types spermatozoa, seen suspended 
the body fluid Cancer magister. 

Fics. 78. Successive stages the explosion the mature 
when surrounded with salt solutions lower osmotic density than sea water. 

Fic. 79. which has exploded distilled water. 

Fic. 80. Exploded spermatozéon which the secondary vesicle has com- 
pletely disintegrated. 
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OBSERVATIONS THE STRUCTURE PROTO- 
PLASM AID MICRODISSECTION. 


WILLIAM SEIFRIZ. 


TECHNIQUE. 

The introduction the Barber pipette holder brought into 
use exceedingly ingenous technique which promises open 
great field research, which not only many the results 
got from fixed material can confirmed refuted, but which 
observations the structure and behavior living protoplasm 
can made with accuracy and certainty not otherwise pos- 
sible. This instrument, originally designed hold miniature 
pipettes for isolation and injection work, equally well adapted 
for the manipulation glass dissection needles. needle 
held three-movement clamp and extends into small moist 
chamber placed the stage the microscope. The vertical 
needle-tips project into hanging drop which the material 

description this instrument and the technique connected 
with was first published Barber Chambers (1915) 
has given brief account its use, and later (1917c) published 
full description the instrument and the ways making 

LITERATURE. 

The literature published microdissection studies limited 
practically the articles Kite and Robert Chambers. 
Both these men employed Barber instrument essentially 
identical with that used the writer. list their publica- 
tions appended this paper. 


TERMINOLOGY. 


serious difficulty encountered the investigator this 
field the limited vocabulary which his disposal for the 


great impcrtance making sharp needles have minute flame. 
very satisfactory micro-burner can made—as was suggested the writer 
Dr. Free—from the smallest size (no. 27) hypodermic injection needle 
snipping off the bevelled end with sharp shears. 
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definition and description the phenomena observed. are 
little better off choice words than were the early microsco- 
pists whose knowledge protoplasm was fully indicated such 
adjectives viscous, elastic, hyaline, etc. 

the possible range consistency between the two extreme 
conditions colloid, e., extreme liquidity and the solid state, 
the writer will distinguish ten degrees viscosity, namely— 
watery, very liquid, liquid, slightly viscous, rather viscous, 
decidedly viscous, very viscous, extremely viscous, gel, and 
rigid gel—and has employed these expressions, for want better 
ones, describe the comparative viscosity protoplasm. 
use will eliminate, part, the vagueness from such general terms 
liquid and viscous. 

Protoplasm, which includes the living components the 
(Strasburger, 1891, 13), possesses many 
less inclusions which materially affect its consistency, and they 
must taken into consideration when the viscosity proto- 
plasm discussed. hyaloplasm usually restricted the 
hyaline border non-granular plasma, the term matrix used 
indicate the translucent and more homogeneous fluid which 
the various included granules are suspended. 

Protoplasm, such, frequently possesses consistency dif- 
ferent from that its matrix. The latter may watery yet the 
density the protoplasm toto markedly greater. is, there- 
fore, important keep clear the distinction between the pro- 
toplasm whole and the matrix which the various inclusions 


are imbedded. 
MATERIAL. 


The experimentation leading the following results was 
carried the Harpswell Laboratory South Harpswell, 
Maine. The writer wishes thank the director, Dr. 
Kingsley, for the use room the laboratory and for many 
other privileges enjoyed there. 

The chief problem for the botanical microdissectionist the 
obtaining material delicate enough permit dissection fine 
glass needles. the wall the frail alga Spirogyra can 
entered only the sharpest and most substantial needle that can 
made. All all, the most satisfactory objects for both 


| 
‘ 
| | 
7 
| 
| 
| 


STRUCTURE PROTOPLASM. 309 


logical and botanical workers are the ova marine organisms, 
although the myxomycetes are some respects still better, for 
have them the largest masses pure protoplasm known. 

The observations here published were made upon myxomy- 
cetes, pollen-tubes, the ova, and embryos Fucus, and 
the ova Echinarachnius. 


OBSERVATIONS. 
MYXOMYCETES. 

Plasmodia Ceratiomyxa, Badhamia, Arcyria, Cribraria and 
Fuligo were studied. 

The protoplasmic density myxomycetes such that needle 
traverses the plasma through water, although exhibits 
slightly viscid property, for inclusions are pushed ahead and 
the side needle before they actually come contact with 
it. However, the point needle broken off, making 
minute pipette, cytoplasm and small inclusions rush into the 
opening with great rapidity and from quite distance. 

The vegetative plasmodium myxomycete very liquid 
consistency and remains matter how thin the film fila- 
ment streaming plasma may be. the plasmodium not 
active film isolated globule its protoplasm gels very rapidly. 
The consistency becomes dense that moving needle leaves 
permanent furrow. 

The old appellation much used refer- 
ence the slime-moulds, important respects misleading 
one. The surface layer plasmodium definite morpho- 
logical structure. membrane very extensile, slowly con- 
tractile, and surprisingly tenacious for delicate layer. This 
superficial layer can isolated and held one needle while 
stretched several times its length the other. 

Within the plasmodium are definitely bounded smaller masses 
protoplasm, which are apparently normal and every respect 
identical with the surrounding plasma bulk: The origin these 
smaller included protoplasmic masses was not observed, but their 
presence common and they are readily distinguished from oil 
other liquid inclusions. Several these globules were isolated 
and dissected. Their limiting membrane exceedingly sensitive, 
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breaking before perceptible indentation can noted. Further 
dissection gave convincing evidence that this membrane 
morphologically differentiated layer. breaking globule 
some the liquid protoplasm escaped. The pellicle the 
ruptured mass stood out prominently and could handled with 
needle one would handle hair. was appreciable 
thickness, yet quite rigid, though easily bent with indication 
being soft glutinous. had, therefore, during dissection, 
undergone change—the normal, and extremely sensitive mem- 
brane had become tough rigid gel. Such behavior well sup- 
ports our interpretation the plasmodium pellicle—not sur- 
face-tension membrane nor secreted wall, but bounding layer 
denser protoplasm. The plasmodial membrane is, then, gel 
appreciable thickness, tenacious, very extensile, contractile, 
and glutinous. 

Next importance the possession definite morphologi- 
cal membrane the capacity for forming one. The evidence 
which dissection work myxomycetes presents this phe- 
nomenon is, briefly, that the membrane instantly and repeat- 
edly reformed when ruptured needle, provided the proto- 
plasm normal. This true whether the dissection per- 
formed dry cover water; that is, the capacity un- 
changed whether air water the surrounding medium. 
gelation has set the capacity for membrane formation lost, 
although may persist surprisingly long. 

The living substance slime-moulds non-miscible water. 


POLLEN TUBES. 


the many pollen grains experimented with those the large 
blue flag versicolor) were the most satisfactory. The grains 
are large and germinate readily almost any per cent. sugar 
solution. The pollen the beach pea (Lathyrus maritimus) 
fair substitute. 

Repeated irritation pollen tube puts end proto- 
plasmic streaming, although some instances streaming may 
continue even after tube has been punctured, and large amount 
its contents lost. Streaming, however, not accelerated 
irritation, nor there any indication rush protoplasm 
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wounded regions. The active protoplasm pollen tube 
very liquid consistency. ejection gels, though does 
slowly. Brownian movement sets shortly after. 

Ejected masses protoplasm from pollen tubes develop mem- 
branes immediately being freed. The capacity for mem- 
brane formation persists one two minutes. Within three 
minutes the escaped protoplasm has become quite viscous. The 
membrane formed surprisingly tough. Fragments can 
dragged into the escaped plasma 

Escaping protoplasm shows sign miscibility. Isolated 
groups inclusions exhibiting Brownian movement, after ejec- 
tion, were carefully observed and every instance the cyto- 
plasmic matrix was distinctly visible. 


FUCUS. 

The eggs Fucus develop from divisions the contents 
which arise from single superficial cells the wall con- 
ceptacles that cover the fruiting branches. these are 
teased out very early age they can entered sharp 
needle. Very soon, however, the outer wall (exochiton) be- 
comes too hard penetrated. 


consistency the protoplasm young uninucleate 
very liquid. The wall thick (2-4 microns), tough, and highly 
resilient. Slightly older but still uninucleate, also 
possess very liquid protoplasm. Stages development between 
young uninucleate and almost mature can not 
observed, the tough outer wall does not permit dissection. 


Immature Ova. 


The contents nearly mature can squeezed out 
the heavy exochiton crushing the conceptacle with tweezers. 


was the intention the writer investigate the structure the vacuole, 
which many are produced the growing pollen tube. Freed vacuoles hold 
their shape even where exposed around the border the plasma mass, apparently 
free surrounding cytoplasm. When punctured the vacuoles collapse imme- 
diately. This behavior suggests that there enclosing membrane, and thus 
that the vacuole apparently not really vacuole but sac. (De Vries, 1885, 
467.) 
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Unripe eggs obtained this manner are still held together 
jelly mass. The earliest stages obtained were 
which division was complete but the eight eggs still pentagonal 
outline profile and closely appressed. 

The protoplasm liquid consistency but shows marked 
signs increased viscosity over that young 
tolerates great amount ill-treatment without showing any 
signs injury. After half hour dissection there was 
indication gelation, the viscosity the protoplasm remaining 
the same. Brownian movement, that unfailing criterion 
degeneration, was not seen. 

Slightly older which the eggs, though still closely 
appressed, have rounded somewhat, show further increase 
protoplasmic consistency the slightly viscous stage. 

The separating membranes these closely appressed masses 
protoplasm are exceedingly delicate and inappreciable 
thickness. 

The capacity for membrane formation complete. 
markable property the protoplasm young Fucus ovum 
the rapidity with which enclosed wall after needle has 
severed the egg. The very elastic glutinous membrane, ordi- 
narily barely visible, sufficiently pliable made appre- 
ciable thickness when pressure applied laterally with ten- 
dency compress. 

The above described behavior the ripening Fucus egg leaves 
doubt that the plasma non-miscible fluid. 

The stage development the eggs just described must 
borne mind. These ova, slightly viscous consistency and 
enclosed delicate membrane, are nearing the completion 
their development. They are still closely appressed within the 
with several hours intervening before they would 
have been discharged ripe eggs with gelatinous contents and 
thick, hyaline wall. 

The protoplasm eggs more advanced greater 
density, namely, rather viscous. flows readily, but slowly. 

The last stage the development the eggs before their 
discharge especially noticeable because increase thick- 
ness wall. enclosing layer now one half micron 
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thick. Notwithstanding the possession heavier wall these 
eggs can dissected with much ease, ending the same re- 
sults those less mature ova having but thin pellicle cover- 
ing. Droplets can pinched off, the eggs torn from within 
outwards, rapidly severed needle, without any indication 
escaping protoplasm. The severed parts every case in- 
stantly round into droplets with walls apparently identical 
with the parent wall. This capacity form wall instantly 
ruptured point through conversion the cytoplasm into 
semi-rigid gel not influenced relatively great changes the 
concentration the surrounding medium, for pronounced 
very saline water normal sea-water. 

There evidence miscibility the part the proto- 
plasm. 

Fully Mature Ova. 

The protoplasm mature, normally discharged eggs de- 
cidedly viscous, noticeably more than that well-developed 
unripe eggs. Thus has the highest degree viscosity been 
reached the development the ovum, the transition taking 
place during the last periods growth. 

The wall likewise has undergone marked change and become 
hyaline, rigid gel, microns thick, still very pliable and 
extensile, slightly contractile and exceedingly adhesive. 

The wall the mature normal Fucus ovum capable con- 
stant repair and this capacity often persists the very last 
dying egg. Not until gelation the protoplasm well advanced 
does rupture the wall fail closed rapid conversion 
the plasma matrix into rigid gel. The capacity for wall 
formation is, then, one the last essential properties the living 
substance lost. 

all stages its development before its normal discharge 
the egg shows injury consequence dissection. The 
mature egg, the contrary, very sensitive dissection, 
although its behavior extremely variable. Every precaution 
was taken prevent misinterpretation results due obser- 
vation degenerated protoplasm. Such precaution was found 
more necessary with the ova plants than with those 
animals. determine that the ripe eggs used for dissection 
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were normal, part each lot used was kept and tested for 
fertility. 

The response dissection ripe unfertilized ova may vary 
from immediate disintegration the toleration two severances. 
Many eggs are very easily pinched half two needles rapidly 
approaching from opposite sides. The halves frequently round 
into perfect spheres which can again severed form smaller 
protoplasmic droplets. While some eggs will show but slight 
any increase viscosity after many minutes slow movement 
the needles, others will suffer little dissection before 
gelating completely disintegrating. Mere puncturing the 
egg will often cause gelation. Thus does the ripe egg exhibit 
one instance great sensitiveness and another apparent 
indifference stimulus. 

This variability carried even parts the same egg. 
One half severed ovum may gelate immediately without 
forming wall over the torn surface, while the other half tolerates 
still another severance before gelating and thus losing the ca- 
pacity for wall-formation. presence the nucleus one 
half the egg may responsible for this difference behavior 
(Townsend, 1897), although frequently both halves develop 
enclosing walls. 

The protoplasm the living ovum all times non-miscible 
sea-water. This expected the capacity for wall- 
formation persists long the protoplasm alive. 
instance eggs examined the various stages ripening, while 
mature, and the brief period following fertilization when the 
wall was still penetrable, was the plasma found pour out and 
mix with the surrounding water. 


The Unicellular Embryo. 


Fertilization Fucus readily accomplished active sperm 
are placed slide with mature ova. 

Half hour after application the sperm the protoplasm 
the fertilized ovum found still quite viscous. 
later becomes more liquid, for readily oozes out puncture. 
Further development the unicellular embryo shows con- 
tinued decrease protoplasmic density. 
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The wall immediately after fertilization shows increase 
thickness and still very pliable, extensile, and contractile. 
little later stiffens until longer elastic, though slightly 
resilient and pliable far that permanent indentations can 
made. can not now severed two approaching needles. 
those few instances where the tough wall was punctured, and 
the protoplasm forced out, the ejected mass immediately devel- 
oped membrane. This plasma membrane exceedingly thin, 
and quite elastic. interesting note that the freed pro- 
toplasm here forms delicate pellicle—not the tough wall the 
one-celled embryo from which came, nor the substantial though 
glutinous egg-wall which would have developed repairing 
tear before fertilization. 

all times, from the moment fertilization until dissection 
longer possible, the embryonic protoplasm non-miscible. 
The ejected plasma shows tendency mix with the surround- 
ing sea-water until after gelating, e., after death. 


The Multicellular Embryo. 


the two-celled embryo stage neared the former egg 
wall has lost all its former elasticity and glutinosity. 
behaves under pressure like ball thin celluloid, resisting light 
pressure and returning its former shape, unless forced beyond 
certain point, when depressions made are retained. The two- 
celled embryo punctured with great difficulty. The wall 
the four-celled embryo very substantial affair, two microns 


thickness, highly resilient and impenetrable the sharpest 
needle. 


The Degenerate Egg. 


The behavior the over-ripe ovum extremely: interesting 
and instructive its bearing the mechanism the egg con- 
tents. stated, ovum ultimately gelates and usually 
disintegrates. gelated egg may torn apart with great ease. 
hardening has progressed far enough the egg may cut 
pieces one would cut butter. If, the other hand, the con- 
tents are not too solid the matrix may readily drawn out into 
long invisible thread. this gelated cytoplasmic matrix 
which water-miscible. 
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DESCRIPTION DRAWINGS. 


Fic. disintegrating Fucus ovum which smaller craters have burst forth 
subsequently several seconds activity the part the larger crater. 

Fic. degenerate Fucus ovum which discarded fragments the wall are 
seen, and which dissemination granules very active one region while 
non-existent another. 

Fic. The wild and rapid scattering the inclusions exploded Fucus 
egg. 
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The disintegration degenerate egg accomplished 
the matrix going into solution with the sea-water. This may 
take place with such rapidity suggest miniature explosion 
the egg; may delayed and then usually proceeds slowly 
either spasmodic periods dissolution, continuously until 
the entire granular contents has been disseminated. Often this 
never completed. Where the disintegration instantaneous 
(Fig. takes place immediately the over-ripe egg coming 
contact with needle, the egg itself before actual dissec- 
tion can got underway. The miscibility the matrix may 
general (Fig. 3), localized (Fig. 1). Where dissolution takes 
place without dissection some internal pressure, evidently os- 
motic, brings about But difficult see why such 
force does not greatly expand pliable wall before breaking 
it. This not the case. Furthermore, where disintegration 
has been instantaneous wall fragments are not found. 
When the process gradual bits are only seen 
(Fig. 2). There some reason for that the pliable, 
glutinous wall itself undergoes change during degeneration 
the protoplasm. does not into solution probably be- 
comes soft, inelastic gel. 

distributed, internal, osmotic pressure would relieved 
once the egg-wall had broken any one point, and one 
would not expect further eruptions. Quite the contrary 
true. There may rather general dissemination granules 
from one region for several seconds, time enough relieve any 
pressure within, and subsequently, other craters break forth 
shown Fig. These are localized centers activity. That 
scattered regions the egg contents are different 
states further evident from the fact that certain localities may 
from the very outset remain inactive, never taking part the 
general dissolution the protoplasm, such the exposed upper 
surface 


The force responsible for wild scattering the inclusions 
ovum surface-tension one, due extraordinarily rapid 


miscibility the degenerate matrix the surrounding medium 
sea-water. 
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ECHINARACHNIUS. 

Microdissection work the egg the sand-dollar was under- 
taken for the purpose comparison with the behavior the 
plant ovum. 

The difference structure and behavior Fucus and Echi- 
narachnius ova before fertilization not great. With fertiliza- 
tion two striking dissimilarities originate. There Echinar- 
achnius increase viscosity the protoplasm after fertiliza- 
tion. The path needle closes very slowly. Furthermore, 
there very little change the character the egg wall. The 
wall the young embryo greater thickness than that 
the ovum and but slightly more resistant. 

The Echinarachnius egg occasionally tolerates very great 
amount dissection before completely deteriorating. times, 
the capacity for wall formation persists region still liquid 
plasma even after other regions the egg have become ex- 
ceedingly viscous mass. This illustrates further the great 
diversity the behavior the protoplasm eggs existing under 
apparently identical environments, and the marked difference 
physiological condition different regions the same cell. 

During the dissection more than eggs the sand-dollar 
but one instance miscibility was observed, and this was the 
rapid dissemination granules due the going into solution 
the matrix gelated, that is, degenerating ovum. 


DISCUSSION. 

spite the variety objects studied and the differences 
behavior very similar material there are certain definite 
properties which characterize all the protoplasm here observed. 

Streaming protoplasm very liquid consistency. The 
same true young, actively growing plasma such that found 
the developing and the embryo Fucus. The 
increase consistency the Echinarachnius ovum following the 
entrance the sperm not harmony with this fact, nor 
what one would expect; for the liquid condition protoplasm 
enables the elaborate chemical reactions active cell take 
place. the ripe egg, awaiting fertilization, metabolism 
reduced minimum, that liquid state not needed 
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for the complex chemical activities and interchange sub- 
stances which the developing egg and growing embryo. 
accordance with this the fact that normal passive protoplasm 
mature eggs Fucus and Echinarachnius ova quite viscous. 
(In resting seeds the protoplasm becomes almost solid.) 

There reason for believing that any living protoplasm 
naked. The surface membrane protoplasm all times 
definite morphological structure. The capacity form such 
pellicle one the characteristic properties the living sub- 
stance and retained very late stage dying protoplasm. 

The membrane formed repairing tear the same char- 
acter the original. This not true those instances where 
the wall cellulose, pollen-tubes and plant embryos; for 
the enclosing surface layer protoplasm but transformed 
portion the living substance, the result immediate con- 
version liquid plasma into rigid gel greater molar concen- 
tration. (Pfeffer, 1891, 194). worthy note that 
protoplasm possesses not only the capacity form membrane 
but that kind membrane characteristic particular or- 
ganism particular stage development. This suggests 
that the process some degree controlled from within. 

That contact with medium not necessary for mem- 
brane formation evidenced from the fact that streaming myx- 
omycetes form membranes whether dissected dry coverslip 
hanging drop, and that the pellicle the Fucus ovum 
repaired whether torn open the jelly-mass the 
sea-water. Thus does appear that contact with some 
medium not prerequisite membrane formation, the lack 
membrane being the stimulus. Membranes are formed 
any free protoplasmic surface. The general belief that this 
purely physical process, and owes its origin surface forces. 
somewhat disturbing this strictly mechanistic conception 
that the capacity for membrane formation ends with death. 
(Pfeffer (1877) has shown experimentally that membrane may 
formed after death. Chemistry could give many such 
instances. neither case the membrane natural one.) 
Surface forces certainly come into play, but the capacity ‘for 
membrane formation, and beyond doubt determining 
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the kind membrane formed, dependent upon the physiologi- 
cal state the protoplasm, which, sense, means that the 
ultimate control lies within the cell; though, course, not beyond 
the purely physical and chemical properties the living substance. 

The prevailing idea cell wall that dead structure 
and, therefore, incapable change response environment. 
This probably true the cellulose walls older cells, but not 
the distensible, glutinous membranes and egg-walls here dis- 
cussed nor the cell-walls meristematic tissues general. 
The suggestion that the wall degenerating ovum may and 
does undergo, with the egg-protoplasm, change which permits 
either its going into solution its ready rupture internal 
pressure, not without experimental support. Proto- 
plasmic membranes are intimate part the living substance 
and susceptible the same changes environment. 
1916, 115.) 

Normal protoplasm, all cases studied the writer, does 
not mix with water. This declaration contrary that 
Chambers (1917a, the decision rest evidence 
gained solely from microdissection then miscibility the proto- 
however, rests not only microdissection but the introduc- 
tion water into the cell the mercury injection method well. 
Miscibility precludes the presence membrane. Normal 
protoplasm always capable membrane formation. There- 
fore, normal protoplasm can time miscible. The dis- 
section great many eggs supports this conclusion. 

the highest powers the microscope, with ordinary illumi- 
nation, protoplasm homogeneous, structureless solution. 
Its colloidal nature becomes evident using the dark ground 
illuminator. Protoplasm probably emulsoid hydrosol, 
colloid which both phases are liquid, one them—the 
dispersion medium—being water. 

Any definite statement the ultimate structure proto- 
plasm must expressed physicochemical terms, and based 
upon observations made with the ultra-microscope. The be- 
havior protoplasm under dissection, however, throws consid- 
erable light the gross structure the cell contents. dis- 
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tinguishing between gross and ultimate structure the writer has 
mind, under the former, haphazard arrangement the 
minute subdivisions centers activity, the living substance 
which are any one moment differing physiological states; 


DESCRIPTION PHOTOGRAPH. 


two-needle Barber pipette holder attached Leitz microscope. 


while ultimate structure connotes definite arrangement 
molecules the infinitesimal particles seen through the ultra- 
microscope—the microns inferred amicrons which all col- 
loidal systems are composed. 

The most remarkable feature life within cell the coexis- 
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tence great number reactions, constantly going without 
one interfering with the other. This demands the division 
the contents into innumerable chambers centers activity. 
Thus does the protoplasm possess, sense, structure. The 
presence these miniature laboratories well illustrated the 
behavior disintegrating ova which the dissemination the 
inclusions times certain regions extremely rapid, and 
others non-existent (Figs. and 2). The difference the phys- 
iological state the protoplasm any one moment respon- 
sible for the variety behavior eggs from the same 
and parts the same ovum. This difference expected 
protoplasmic activity takes place pulsations, which are 
neither synchronous among the eight eggs one nor 


rythmic any single ovum. The cell is, then, laboratory 


which many different chemical reactions are constantly going 
on, kept free from one another boundaries some kind. 
(Hofmeister, 1901.) 

Structure protoplasm secondary activity. Upon the 
chemical nature the substances does the life the cell depend 
rather than their arrangement. What physical structures 
may exist are transitory nature. This interpretation does 
not preclude the all-important organization upon which the con- 
tinuance these activities depends. 


SUMMARY. 


Protoplasm emulsion colloid normally the sol state. 

The density protoplasm varies from the very liquid state 
young Fucus and embryos and streaming proto- 
plasm myxomycetes and pollen tubes, the quite viscous 
condition found mature and resting eggs marine organisms. 

There rapid increase viscosity the Fucus egg 
during the last stages its ripening, which is, fertilization, 
followed return the liquid consistency characteristic 
active, growing proptolasm. 

The plasma membrane definite morphological struc- 
ture, constantly and repeatedly capable repair through the 
conversion the fluid protoplasm into hyaline layer greater 
molar concentration. This film gel exceedingly elastic, 
pliable and glutinous. 
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The surface layer, like the interior cytoplasm, seems 
capable alteration with changes environment. 

The capacity for membrane-formation one the last 
essential properties the living substance lost. lost 
only death. 

The kind membrane formed apparently identical with 
the parent membrane (except the case escaped protoplasm 
from cells which possess cellulose wall). 

The formation membrane probably purely physical 
process, but dependent upon the physiological condition the 
protoplasm. not dependent upon the surrounding medium. 

The amount physical disturbance that protoplasm can 
subjected before showing signs injury varies from that 
the immature Fucus ovum, where exceedingly great, that 
the ripe egg where very slight, often more than touch 
sufficing cause disorganization. 

10. Gelation the plasma always takes place time and 
hurried dissection. accompanied degeneration. 

11. Normal protoplasm all times non-miscible water. 
Miscibility the plasma unfailing criterion degeneration. 

12. Dissolution the Fucus ovum the result the disor- 
ganized cytoplasmic matrix going into solution with the sur- 
rounding water. This mixing may take place with the rapidity 
explosion, slowly, and then either continuously spas- 
modically. 

13. The disintegration the egg plasm frequently localized, 
that certain regions the contents continue dissemination 
the granules from the beginning, while others join later, and 
still others never take part. This indicates gross structure 
the egg plasm, e., the protoplasm composed many centers 
activity which different chemical reactions take place 
separated protective partitions. 

14. That any definite and permanent arrangement the 
colloidal particles exists seems unlikely. Whatever structure, 
gross ultimate, protoplasm may possess secondary chemi- 
cal activity upon which the life the organism depends. 

The writer wishes thank Professor Duncan Johnson for 
suggesting this study and for assistance during its progress. 
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Dr. Robert Chambers the writer indebted for helpful sug- 
gestions, and Dr. Cowdry for the use his Barber 
instrument. 
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FURTHER STUDIES THE PRODUCTION FUNC- 
TIONAL AND RUDIMENTARY SPERMATOZOA 


WHITNEY. 


recent paper some general observations were recorded 
regard the dimorphic spermatozoa found the parthenogenet- 
ically developed males nine species rotifers. Some the 
stages the development the spermatozoa from the cells 
the last spermatocyte-divisions Brachionus were de- 
scribed and figured. studies, however, were made the 
nuclear material the spermatozoa either determine whether 
was present both kinds spermatozoa determine 
what part the spermatozoa was located. 

Additional studies now have been completed attempt 
observe these points. These studies have been made consid- 
erable detail the marine species, Brachionus mulleri, and 
lesser detail senta, Brachionus amphiceros and 
Diaschiza sterea. the earlier paper had some the details 
the formation the spermatozoa Brachionus and 
this rotifer one the most convenient forms maintain 
the laboratory and also very convenient one from which 
obtain immature males the majority the observations were 
made material from this species. 

Several killing and fixing fluids and stains were tried but 
Zenker’s fluid followed Delafield’s hematoxylin proved 
the most satisfactory method for making clear mounts the 
entire cells. The living males were crushed under cover glass 
culture water and favorable cells were selected under the 
microscope. The killing fluid was allowed run under the 
cover glass and remain from 10-20 minutes. Later the killing 
fluid was drawn out filter paper and distilled water allowed 
take its place. After the distilled water had been changed 
several times from under the cover glass Delafield’s hematoxylin 
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Fic. mulleri. normal spermatid showing the nucleus, chro- 
matin, and the small tail; mature and normal showing the large 
chromatin mass the head and the long vibratile tail with the undulating mem- 


brane. (Drawn measurements from living and stained specimens with 1/12 
oil immersion objective and number ocular.) 
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(diluted 1:1) was allowed run under and stain the cells for 
about two minutes. This was then washed out with tap water. 
All these processes were carried under the microscope 
order make certain that mistakes indentification these 
cells should made after the slides were finished. Although 
this tedious method has the advantage being perfectly 
reliable and furnishing accurate data concerning which there can 
doubts. Many other methods were tried but none were 
found practical and certain this one. 

The nucleus was first indentified early stage the normal 
spermatid (Fig. which later would have developed into the 
large motile spermatozoon (Fig. B). 

The sperm cells from the same male individual 
were examined next and each was found contain nucleus with 
chromatin material init. This stage Fig.2,A. This 
fact considerable interest because demonstrates that 
the division that forms the secondary spermatocytes there 
evidently division the chromatin material and consequently 
all the secondary spermatocytes contain some this chromatin 
material: One half these secondary spermatocytes divide 
and form the normal spermatids but the remaining half the 
secondary spermatocytes not divide again but develop directly 
into the degernerate spermatozoa. The early stage these 
degenerate spermatocyte cells are smaller size than the normal 
cells the same age but the nucleus only slightly smaller than 
the nucleus contained the normal spermatid cell can seen 

The later development each these two kinds cells 
very different. the normal cell the nucleus grows larger and 
larger until its final stage several times its former size. 

From one end the cell outgrowth appears which grows longer 
and longer and finally becomes vibratile. This the motile tail 
the very long and large and has undulating 
membrane along the greater portion the dorsal side. Fig. 
shows the entire matured spermatozoén containing the 
large mass chromatin material the head. 

The development the smaller and degenerate spermatocyte 
cells into the complete rudimentary spermatozoa strikingly 
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different from the development the normal spermatid cells. 
After the early stage passed the chromatin material increases 
bulk very slightly and becomes composed coarse granules 


Fic. Brachionus mulleri. early stage the development the rudimen- 
tary showing the chromatin the nucleus. This cell from the 
same male the normal spermatid Fig. and the same age. 
later stage showing the tail wrinkled and distorted the fixing fluid; last stage 
showing the stiff and rigid tail attached the head which contains the chromatin; 
the stiff tail forced through the chromatin the opposite side the head 
pressure under the cover glass; the stiff tail forced through the opposite wall 
the head pressure under the cover glass; the stiff tail detached from the head. 
(Drawn same scale Fig. 1.) 
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loosely arranged and persists this form throughout the remain- 
der the development the cell. From one end the cell 
process extends which somewhat flexible its earlier de- 
velopment. Fig. shows such early stage which the 
tail-like process has become curved and wrinkled after treatment 
with Zenker’s fluid. Later this tail-like process becomes very 
rigid and stiff. stiff that when the immature males are crushed 
this process chance may driven through the nuclear 
material the opposite side the cell shown Fig. 
some instances was even driven through the opposite wall 
the cell shown Fig. Normally this stiff process 
seems attached one end the cell. Later, however, 
when fully formed becomes detached from the cell. This 
separation the two parts the cell occurs the testis either 
before the male hatches from the egg very soon thereafter. 
Fig. shows the two parts just prior separation. 

This stiff spindle-shaped part contains chromatin material 
and probably considered the rudimentary tail the cell. 
immotile and much smaller than the tail the motile sper- 
separates from the nucleated portion the 
cell and immotile one could naturally conclude that 
regarded simply degenerate rudimentary tail which has 
function. Whether the nucleated portion the cell has any 
function unknown but also immotile also very 
probably functionless. 

the earlier studies the detached tails the normal sper- 
matozoa were erroneously considered the entire spermatozoa. 
When the males were crushed under cover glass these tails were 
extruded and were able move about the water for consid- 
erable length time. When recently, however, these so-called 
spermatozoa were stained nucleus chromatin material 
could found any them. they are the functional sper- 
matozoa was realized that there must nucleus and chro- 
matin material somewhere them. 

was recalled that previous observations some males had 
been seen extrude few these motile bodies which had 
large swelling the anterior end. that time these motile 
bodies were considered the immature spermatozoa. When 
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more careful observations were made both upon such living cells 
and upon stained ones was readily seen that these cells were 
not immature stages but were the mature stages the sper- 
matozoa. The heads are quite large proportion the diameter 
the tail, Fig. and are easily separated from the tails. 
In. the testis the male these spermatozoa are clusters and 
each cluster each attached some sort 
central tissue the cluster. Normally copulation with the 
young females few these spermatozoa become detached from 
the central tissue and are extruded into the body cavity the 
female. When, however, the males are crushed under cover 
glass nearly every head remains attached this central tissue 
but the tails break off from the heads and are immediately ex- 
truded writhing mass. the males are sufficiently crushed 
the mass spermatozoa heads will also extruded together 
with other cells the broken-down tissues. very young 
males are taken from the eggs and are crushed all the immature 
sperm cells with the tails attached will extruded. The ripe 
spermatozoa resemble very closely these immature spermatozoa 
except their heads are more rounded and the tails are somewhat 
longer. 

The males another rotifer, Hydatina senta, were crushed 
and the spermatozoa reéxamined. few males shed both kinds 
spermatozoa with the tails attached the heads. These 
were stained and the heads each kind were found contain 
chromatin material similar the heads the spermatozoa 
Brachionus mulleri. These are shown Fig. Twenty-five 
males were crushed and out the many hundred spermatozoa 
ejected only about 6-8 entire spermatozoa each kind with 
the tail attached the head were found. senta 
males are the most favorable material thus far examined which 
see the two kinds complete spermatozoa mature male. 
Brachionus these two kinds complete spermatozoa 
could only found the unhatched and immature males. 

The spermatozoa were examined from mature males two 
additional species rotifers, amphiceros, and Dias- 
chiza sterea. The entire normal spermatozoa with the tails 
attached the heads were found each species. Upon staining 
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the heads showed their chromatin contents. Only the tails 
the rudimentary spermatozoa were found and they showed 
chromatin material them when stained. Sketches these 
spermatozoa and tails are shown Figs. and 


A 


Fics. 3-5. Dimorphic spermatozoa and tails three other species rotifers. 
larger normal and motile spermatozoa showing the head and the contained 
chromatin; smaller, rudimentary and non-motile showing the 
chromatin the head; detached tails rudimentary spermatozoa. (Drawn 
with mm. objective and number ocular.) 


The spermatozoa the other species rotifers enumerated 
the former paper have not been reéxamined because these 
forms are not available this season the year. 

the stained slides the sectioned unlayed fertilized eggs 
Hydatina senta were available for study they were examined 
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determine the size and condition the head the spermatozoén 
after had entered the egg. The egg examined was sectioned 
while inside the body the female and although had the thick 
secretion around which later would have shrunken form the 
heavy external covering shell was readily sectioned this 


Portion fertilized egg Hydatina senta. egg nucleus containing 
chromosomes; sperm-head; yolk granules the egg. (Sperm-head and the 
outline egg nucleus drawn same scale Figs. 3-5. Yolk granules and 
chromosomes drawn freehand without measurements.) 


early stage. sperm head seen near the nucleus the 
egg (Fig. 6). about the size the head the normal 
can seen comparing with Fig. but 
contains denser chromatin material and perfectly round 
form. 

Dimorphic spermatozoa have been studied considerable 
detail some the Mollusca and some the Lepidoptera 
several workers. Among these Goldschmidt and Gatenby 
recently have come the conclusion that the atypical abnor- 
mal spermatozoa are wholly functionless and the latter the 
opinion that such spermatozoa have significance regard 
sex regulation. According their conclusion any spermatozoa 
and some cases all spermatozoa these forms studied may 
become degenerate the male individual certain physiologi- 
cal condition. 

the phylloxerans and the rotifers the case quite dif- 
ferent. each and every certain percentage the sperm 
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cells degenerate and certain percentage the sperm cells 
develop normally, thus giving definite ratio degenerate and 
normal sperm the phylloxerans this ratio has not been 
determined but the rotifers there one degenerate sperm cell 
two normal sperm cells. all the fertilized eggs both 
phylloxerans and rotifers develop into female young seems 
safe conclude, Morgan has already concluded, that the de- 
generate sperm cells are the male-determining ones and that the 
normal sperm cells are the female-determining ones. 


SUMMARY. 


The normal and motile spermatozoa Brachionus mulleri, 
Brachionus amphiceros, Hydatina senta and Diaschiza sterea 
possess large heads which located the chromatin material. 

The motile bodies seven other species rotifers which 
were figured and considered the normal spermatozoa the 
former paper were probably only the tails such normal sper- 
matozoa. 

The degenerate and immotile spermatozoa seen 
Brachionus mulleri and Hydatina senta also possess heads 
which there chromatin material. 

The stiff processes, called rudimentary spermatozoa the 
former paper, are now considered not the complete rudi- 
mentary spermatozoa but only the degenerate tails these 
rudimentary spermatozoa. 

The sperm head the fertilized egg Hydatina senta 
about the same size the head the normal 
this species. 

The four species rotifers enumerated above together 
with the seven other species described the former paper con- 
stitute eleven species rotifers which both normal and rudi- 
mentary spermatozoa have been found occur. 
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